Purpose -The purpose of this paper is to suggest a model for evaluating the best power plants in the presence of weight restrictions.
organizations/levels. The single output to input financial ratios, such as, return on investment and return on sales, may be used as indices to characterize the financial performance.
However, conventional referents of performance, whether they be measures of profitability, like return on investment and return on sales, or financial market measures, like the market to book ratio, are unsatisfactory discriminants of "excellence". Since a power plant ' s performance is a complex phenomenon requiring more than a single criterion to characterize it.
To measure performance of power plants, Data Envelopment Analysis (DEA) has found widespread applications. DEA is an efficiency modeling approach that can be described as an extension of simple input-to-output ratio analysis, rigorously generalized to handle multiple inputs and multiple outputs. DEA has been widely used to evaluate the relative efficiency of different Decision Making Units (DMUs). DEA uses mathematical modeling to calculate an "efficient frontier." The frontier provides a yardstick against which to judge the comparative performance of all other firms or organizations that do not lie on the frontier. The efficient frontier is formed from the observed performances of the participating firms in the sample, determined by the relationships between the inputs and outputs of the firms in the sample. It is important to note that DEA calculations, because they are generated from actual observed data for each DMU, produce only relative efficiency measures. The relative efficiency of any DMU is calculated by forming the ratio of a weighted sum of outputs to a weighted sum of inputs, where the weights (multipliers) for both outputs and inputs are to be selected in a manner that calculates the efficiency measure of each DMU, subject to the constraint that no DMU can have a relative efficiency score greater than unity (Jha and Shrestha, 2006) .
In this paper, DEA is chosen for the following reasons:
• It deals with individual cases;
• It does not require parametric assumptions, such as normality and equal variance;
• It can produce a single measure for each power plant;
• It can handle multiple-input and multiple-output situations;
• It places no restriction on the functional form of the input-output relationship;
• It focuses on revealed best-practice frontiers rather than on central tendency properties of empirical data;
Because of these advantages, DEA has been chosen as an appropriate approach to efficiency measurement of the power plants.
In original DEA formulations the assessed DMUs can freely choose the weights or values to be assigned to each input and output in a way that maximizes its efficiency, subject to this system of weights being feasible for all other DMUs. This freedom of choice shows the DMU in the best possible light, and is equivalent to assuming that no input or output is more important than any other.
The free imputation of input-output values can be seen as an advantage, especially as far as the identification of inefficiency is concerned. If a DMU (power plant) is free to choose its own value system and some other power plant uses this same value system to show that the first power plant is not efficient, then a stronger statement is being made. The advantages of full flexibility in identifying inefficiency can be seen as disadvantages in the identification of efficiency. An efficient power plant may become so by assigning a zero weight to the inputs and/or outputs on which its performance is worst. This might not be acceptable by Decision Makers (DMs) as well as by the analyst, who after spending time in a careful selection of inputs and outputs sees some of them being completely neglected by power plants.
DMs may have in power plant evaluation problems value judgments that can be formalized a priori, and therefore should be taken into account in power plant evaluation.
These value judgments can reflect known information about how the factors used by the power plants behave, and/or "accepted" beliefs or preferences on the relative worth of inputs, outputs or even power plants. To avoid the problem of free (and often undesirable) specialization, input and output weights should be constrained in DEA.
Note that in traditional models, the weights are allocated in a crisp value, while in the proposed model; weights are defined in an interval. It is clear that interval definition of the weights for the DM is easier than the crisp weight assignment. As well, the bounds on factor weights in DEA ' s multiplier side problem are user-specified constants to reflect value judgments the DM wishes to incorporate in the assessment. They may relate to the perceived importance or worth of input and output factors.
The objective of this paper is to apply a model for evaluating power plants in the presence of weight restrictions. This paper depicts the power plant evaluation process through a DEA model, while allowing for the incorporation of DM ' s preferences. The chief advantage of the proposed model is that it does not demand exact weights from the DM. This paper proceeds as follows. In Section 2, literature review is presented. Section 3 introduces the model which evaluates the power plants. Numerical example and concluding remarks are discussed in Sections 4 and 5, respectively.
Literature review
Various studies on the measurement of company performances are briefly summarized in the following subsections.
Translog and Cobb-Douglas frontiers
Jaforullah (1999) estimated a number of translog and Cobb-Douglas frontier production models for the Bangladesh handloom textile industry to investigate its production technology and technical efficiency in production. Dashti (2003) evaluated inferences for efficiency of electric utilities based on Cobb-Douglas, translog and Fourier frontiers. Huang (2004) considered the measurement of firm ' s specific (in)efficiency while allowed for the possible heterogeneous technologies adopted by different firms. A flexible stochastic frontier model with random coefficients was proposed to distinguish technical inefficiency from technological differences across firms. However, these methodologies are parametric statistical methods that rely on central tendency rather than best multi-factor practice. Deng et al. (2000) formulated the inter-company comparison process as a multi-criteria analysis model, and presented an effective approach by modifying the Technique for Order
Technique for Order Preference by Similarity to Ideal Solution
Preference by Similarity to Ideal Solution (TOPSIS) for solving the problem. However, TOPSIS suffers from the subjectivity of weight assignment.
Analytic network process
Yurdakul (2003) formulated a multicriteria performance measurement system model using the Analytic Network Process (ANP) to measure the long-term performance of a manufacturing firm. However, the main weakness of ANP is subjectivity of pairwise comparisons. Pollitt (1996) used DEA to examine the relative productive efficiency of a sample of 78 publicly-and privately-owned nuclear power plants operating the year 1989. Sueyoshi (1997) developed a new DEA framework that systematically integrates eight efficiency concepts, scale economies, and returns to scale from the perspective of production and cost analyses.
Data envelopment analysis
Also, he applied these results to 39 annual operations of Nippon Telegraph and Telephone. Cook et al. (1998) introduced the concept of hierarchical DEA, where efficiency can be viewed at various levels. They provided a means for adjusting the ratings of DMUs at one level to account for the ratings received by the group (into which these DMUs fall) at a higher level. They also developed models for aggregating different ratings for a DMU arising from different possible groupings. An application of these models to a set of power plants was given. Madu and Kuei (1998) demonstrated how to identify the best performers based on their efficiency scores and their outputs and also, how to identify specific areas of weaknesses for a particular firm. Cubbin and Tzanidakis (1998) identified and discussed important differences between regression analysis and DEA. The theoretical issues were illustrated with the help of an application of regression analysis and DEA on data from the regulated water industry in England and Wales. Friedman and Sinuany-Stern (1998) ranked fully 72 industrial branches in Israel in the DEA context. Nachum (1999) addressed issues related to the productivity measurement of firms using intangible input to produce intangible output. She examined the difficulties associated with the productivity measurement of such firms and suggested a measure that takes account of the unique attributes of the factors used in their production. This issue was examined with application to a professional service industry-management consulting-in which all inputs and outputs are intangible. Granderson and Linvill (1999) demonstrated how parametric and nonparametric (DEA) efficiency measures can be employed to produce benchmarks that account for the effects of regulation. They applied measurement techniques to an eleven-year panel of 20 U.S. interstate natural gas transmission companies and use the benchmarking measures to distinguish firms that perform well owing to a superior management of technology from firms that perform well owing to the effective management of the regulatory mechanism. Zhu (2000) developed tools for reconciling diverse measures which characterize the financial performance of the Fortune 500 companies. He employed DEA to determine a multi-factor financial performance model which inherently recognizes tradeoffs among various financial measures. Sengupta (2000) developed a DEA model that compares dynamic economic efficiency of firms in an industry. He proposed a two-stage decomposition of the decision model involving optimal investment paths in the first stage and minimal operating costs in the second stage. Olatubi and Dismukes (2000) measured cost efficiency opportunities for coal-fired electric generation facilities. They applied DEA to plant-specific information. Sueyoshi (2000) discussed how to incorporate future information into DEA. He presented a stochastic DEA model and then reformulated in the manner that the stochastic model can incorporate future information. Also, the model was applied to planning the restructure strategy of a Japanese petroleum company. Lam and Shiu (2001) Although Düzakin and Düzakin (2007) proposed to employ SBM for ranking the companies, but they did not introduce a model which evaluates the companies in the presence of weight restrictions. This paper proposes a different use of SBM for power plant evaluation.
To the best of author ' s knowledge, there is not any reference that evaluates power plants by means of SBM in the presence of weight restrictions. The approach presented in this paper has some distinctive features.
• The proposed model does not demand exact weights from the DM.
• Weights are opportunely restricted so that DEA ' s discriminatory power is augmented.
• The methodology is of the single-step type: power plant evaluation is a straightforward process carried out by DEA.
• An application of the methodology has been performed on a real set of data.
Proposed method for power plant evaluation
DEA proposed by Charnes et al. (1978) (CCR model) and developed by Banker et al. (1984) (BCC model) is an approach for evaluating the efficiencies of DMUs. One serious drawback of DEA applications in company evaluation has been the absence of DM judgment, allowing total freedom when allocating weights to input and output data of company under analysis. This allows companies to achieve artificially high efficiency scores by indulging in inappropriate input and output weights.
The most widespread method for considering judgments in DEA models is, perhaps, the weight restrictions inclusion. Weight restrictions allow for the integration of managerial preferences in terms of relative importance levels of various inputs and outputs. The idea of conditioning the DEA calculations to allow for the presence of additional information arose first in the context of bounds on factor weights in DEA ' s multiplier side problem. This led to the development of the cone-ratio (Charnes et al. 1989) and assurance region models (Thompson et al. 1990 ). Both methods constrain the domain of feasible solutions in the space of the virtual multipliers.
The input-oriented DEA models consider the possible (proportional) input reductions while maintaining the current levels of outputs. The output-oriented DEA models consider the possible (proportional) output augmentations while keeping the current levels of inputs. Charnes et al. (1985) In the next section, a numerical example is presented.
Numerical example
In this section, the proposed methodology is used for power plant evaluation, and is illustrated through a previously reported power plant evaluation problem (Azadeh et al., 2007) . The power plant evaluation problem addressed in Azadeh et al. involves the evaluation of efficiency of 19 power plants (power plants) with respect to attribute including "gross production (in megawatt hour)", which is considered in some sense as output, and "installed capacity (in megawatt)", "internal consumption (in megawatt hour)" and "fuel consumption (in Tera Joule)", which are considered in some sense as inputs. Internal consumption is the amount of energy consumed within the power plant (for electrically powered equipments, etc.).
Note that the inputs and output selected in this paper are not exhaustive by any means. In an actual application of this methodology, DMs must carefully identify appropriate inputs and outputs measures to be used in the decision making process. According to the decision of DM, a constraint on the weights 1 v and 2 v is imposed:
Applying Model (2), the efficiency scores of power plants (DMUs) have been presented in Table 2 . Model (2) identified power plants 4, 5, 6, 10, and 15 to be efficient with a relative efficiency score of 1. The entire efficiency scores for power plants are presented in Fig. 1 . Fig. 1 implies that there is not the problem of a loss of discrimination power, and the data utilized in Model (2) is reasonable. Notice that the outcome of the proposed model is an efficiency score equal to one to efficient DMUs and less than one to inefficient DMUs. So, for inefficient DMUs a ranking is given but efficient DMUs can not be ranked. One problem that has been discussed frequently in the DMUs ranking literature, has been the lack of discrimination in DEA applications, in particular when there are insufficient DMUs or the number of inputs and outputs is too high relative to the number of DMUs. For more discussion, please see Farzipoor Input excesses and output shortfalls can be determined by Model (2), which is displayed in Table 4 . As discussed earlier, the vectors 
Concluding remarks
Owing to the increasing competitive pressure, resulting from the globalization of activities and markets, companies have to reorient their strategies, operations, processes and procedures to remain competitive. However, to achieve such competitive standing, these companies must be able to measure the different facets of their performance. Without the ability to understand and measure performance, benchmarking efforts aimed at deploying the best practices will not bear fruits. This paper suggested a model for evaluating the best power plants in the presence of weight restrictions. This paper not only sets best practice benchmarks for power plants but also helps to identify the areas that need attention and thus aid in better management of the power plants. The study also leads to insights in the operations of power plants and the causes of their inefficiency.
The problem considered in this study is at initial stage of investigation and many further researches can be done based on the results of this paper. Some of them are as below: Similar research can be repeated for dealing with ordinal data and bounded data. Another research topic will be extending the proposed model for ranking efficient DMUs.
